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We, Associated Electrical Industries 
Limited^ a British Company having its 
^stored office at 1 Stanhope Gate, Loldon, 
Wl (-formerly of 33 Grosvenor Place 
London, S.W.I.) do hereby declare the in- 
vention for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement:- * 6 

This invention is concerned with a 
method of, and means for, terminating a 
cable in such a manner as to relieve the 
electrical stress at and/or near the termina- 
ls tron of the cable. 

A single-core cable comprises an inner 
conductor or conductors surrounded by in~ 
sulatuig material which is, in turn, sur- 
rounded by an outer electrically conductive 
screen. (The inner conductor or conductors 
are commonly surrounded by an inner elec- 
trically conductive screfen which is sur- 
rounded by the said insulating material). 
In order to terminate such a cable the 
outer conductive screen of the cable is re- 
moved, for a suitable distance .from the end 
of the cable, and this removal causes the 
exposed insulating material and die end of 
the remaining outer conductive screen to 
tend to be subjected (when the cable is in 
use) to high electrical stresses which mav 
cause electrical discharges to occur, tend- 
ing to cause breakdown of the insulation 
of the cable. 

In order to relieve, such electrical stresses, 
^ fJ^T *° ^1 suitable structures (so- 
called stress cones") upon the exterior of 
the msulating material of the cable. Con- 
. srierable skill and time is necessary to 
40 build such structures correctly, to a shape 
which will properly relieve the said ele£ 
trical stresses. 

Evidence of the relief of the said elec- 
trical stresses is shown by an improvement 
45mthe electrical-discharge characteristics at 
[P~ 1 
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the termmation of the cable core m ques- 
^ ^ elect rical-discharge phenomenon 
may be detected in generally known man- 
ner toy connecting suitable electrical testing 
to the cable system incorpo- 
rating the termination, and gradually tn- 
S^ 5 /* 1 * 3 te5t , v o^ge until a suitable , 
dispk.y (commonly upon a cathode-ray 
tube) reveals onset of the discharge The 
voltage at which this occurs is commonly 55 
Known as the discharge-inception voltage 
and, by the utilisation of suitably sensitive * 
equipment and refined techniques that dis- 
charge-inception voltage may be determined 
where the magnitude of the electrical dis- 60 
charge then appearing is as small as 1 ,oico- 
coulomb. . 

It is clear that improvement in electrical- 
discharge characteristics is shown by an 
increase in the discharge-inception voltage, 65 
the ideal working condition for the terminal 
tion toeing when its discharge-inception volt- 
age exceeds the voltage at which it is re- ' 
quired to function. 

For the piHippses of this specification, the 70 
standard discharge-inception voltage is 
taken_ to be that voltage at which the \ 
magnitude of the electrical discharge does 
not exceed 1 pico-coulomfo. 

Other methods of relieving the electrical 7* 
stresses are also known. In particular, it is 
^°?i^ g - 33 ^ UK - Patent specification v 
No. 1,003,700) to .bind the exposed insulat- 
ing material and the end of the remainina 
outer conductive screen, with tape made of 
polyvinyl chloride (P.V.C.) which contains 

SS^?"^ such ao a ^gement , 
(see below), higher, values of dischange- 
inceptron voltage are obtained than if no 
means of stress relief is employed. The 85 
arrangement has, however, certain dis^ 
advantages: in particular, considerable " 
slcill is again required, in that the 
tape must be wound on so as to 
lap correctly, attention being paid to 90 
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the mechanical tension of the tape. It 
is also 'believed that cyclic variations, of 
temperature may cause the t&pe to -become 
less effective, in relieving the electrical 

5 stress, than is desired. 

Similar problems occur, in terminating a 
multi-core high-voltage cable. Such a cable 
may be regarded as farmed by the juxta- 
position of two or -more cores each of the 

10 form of the single-core high-voltage cable 
described above, the two or more cores 
being surrounded by further material of 
an electrically conducting nature which 
may, in turn, be surrounded by a cable 

15 armour and/or a cable sheath. In this case, 
each of the cores must be terminated in 
such a manner as to relieve the electrical 
stresses at that termination. 

According to one aspect of the invention, 

20 there is provided a method of terminating 
a single-core cable or at least one core of 
a multi-care cable, which method includes 
the steps of removing the said^ outer con- 
ductive screen, from the core in question, 

25 for a ^predetermined distance from the end 
of the cable and so as to expose the said 
insulating material of that core, and there- 
after placing upon that core a pre-formed 
unitary sleeve made of elastic material con- 

30 raining silicon carbide, the sleeve being 
selected to have such a natural internal 
diameter, and being so placed, that it sur- 
rounds and clings closely around both a 
portion of the iremaining end of the said 

35 outer conductive screen and also a next- 
adjacent portion of the said exposed in- 
sulating material, there remaining at the 
end of the core a portion of the said ex- 
posed insulating material which is not 

40 covered by the sleeve. 

The advantages of this form of termina- 
tion are that relatively little skill is required 
to <place the sleeve in position, and that 
the operation is relatively quick. 

45 Preferably, the elastic material of the 
sleeve is made from a natural and/or a 
synthetic rubber polymer. 

The preferred rubber polymer is ethy- 
lene propylene rubber. 

50 According to a second aspect of the in- 
vention there is provided a pre-formed 
unitary sleeve for use in a method accord- 
ing to the invention and made of elastic 
material containing silicon caifbide. 
55 The invention also includes a high- 
voltage cable terminated according to the 
method of the invention, or terminated 
-with the aid of a sleeve according to the 
invention. 

60 The invention may be put into practice 
in a number of ways, but one specific 
embodiment will now be described with 
reference to the accomfpanying drawings of 
which: 

65 Figure 1 is a schematic longitudinal 



cross-section of a single-core high-voltage 
cable, and 

Figure 2 is a graph illustrating the be- 
haviour of one form of cable termination 
according to the invention. 70 

Referring to Figure 1, the single-core 
high^voltage cable there shown has a single 
inner conductor 1 which is surrounded by 
insulating material 2 which is, in turn, 
surrounded by an outer electrically con- 75 
duetive screen 3. In order to terminate the 
cable {at the right-hand side in Figurel), 
the end of the inner conductor 1 is bared 
in «known manner, as. at 4. Further, the 
outer conductive screen 3 is additionally 80 
removed for a distance (L-HM), so as to 
expose the outer surface of the insulating 
material for that distance. If the cable were 
then used the exposed insulating material 
and the end 5 of the remaining outer con- 85 
duetive screen would tend to 'be subjected 
to the high electrical stresses referred to 
above. 

The basic proposal of the invention is to 
relieve these electrical stresses by placing 90 ^ 
upon the cable core a sleeve 6 made of 
elastic material containing silicon carbide, 
whereby the sleeve clings closely around 
the cable and surrounds a length K of the 
end 5 of the remaining outer conductive 95 
screen 3 and also surrounds a length L of 
the next-adjacent portion of the exposed 
insulating material. There remains, at the 
end of the cable, a length? >M o2 the exposed 
insulating material which is not covered by 100 
the sleeve 6, which length acts as a so- 
called "creepage length". 

The elastic sleeve is chosen to have a 
natural internal diameter which is not 
greater than the outside diameter of the 105 
cable core with its outer conductive screen 
3 removed, the intention being that the 
sleeve shall cling so closely around the 
cable that none or substantially none of 
the so-called "voids", i.e. air-filled spaces, HO 
shall occur between the sleeve 6 and that 
portion <L) of the exposed insulating 
material which is covered by the sleeve. In 
order to assist in the elimination of such 
voids, that latter portion of the exposed- US- 
insulating material may be. covered/before 
the sleeve 6 is placed in position, with a 
layer 7 of auxiliary insulating material 
which, when the sleeve is placed in position, 
is caipajble of flowing so as to tend to pre- 120 
vent the occurrence of such voids; we have 
found that a silicone gum may be employed 
for /this. 

The elastic material of the sleeve may 
be anade from a natural and/or a synthetic 125 
rubber " ipolyoner, for example ethylene 
propylene rubber. Ia general, (the elastic 
material may contain from 75 to 250 parts 
by weight of silicon carbide, per 100 parts 
by weight of the rubber polymer. 130 
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suXewE i hC ? lec ^l resistance of 
SS,^2f*fi* kw ? s * considerably changed 
Z %L Skeve 1S stretched; ia general it 
is therefore necessary, for a cable c?£en 
5 outside diameter, to employ a sleeve VE 
■ ™L JL ^^wponding internal diameter 
* e sl f^e -will be stretched by a 
Sf™ ^ Predetermined degree whei it 
has toeen placed in position up^n the.cable. 
,,ntLr B i dew ?. 6 ? required to have a more 
unwersal application, to a range of cables 
i J?™ ereQt : outside diameters, then the 
mS? ££ tenal sKould also contain canbon 
black. Where a rubber polymer is used the 
15 elastic material may thuT a^contamfrom 

• im ^ Z of ca *bon black, 

par 100 parts by weight of the rubber 
polymer. 

?n iJ^f 1 ^ Skeve ? were made from etfcv- 

20 lene propylene rubber contammg suicon 
carbide, * was found that a 10% ftaSS 
of the sleeves increased their electricalr? 
stance by a factor of more than 20 This 

21 S^^ 1 ^* 1 stance caused a con! 
25 siderable deterioration in the stress-reKev- 

mg characteristics of such sleeves!^ 
Example 

d ' SCS ' were manufactured, of 
the following composition: - 

Material Parts by Weight 

Ethylene propylene rubber. 100 
. Silicon carbide • 
Carbon black 
Zinc oxide 
35 "Flectol H" 
Sulphur 

"Pericadox Y 12/40" 
Djphenyl guanidine 

"tSfa! ft/f^ ruaoer was 
Dutra 1,N\ sold by Shell Chemical Co. 
The silicon caribide was of an electrical 
grade, sold as "Metrosil 2730/320" by 
Associated Electrical Industries Limited 
The carbon black was "Vulcan TTT" a 
high-abrasion furnace black sold by Cabot 
Carbon Co. The next four components are 

Flectol Hbemg an anti-oxidant sold by 
Monsanto Chemicals, and "Perkadox" be- 
JS? organic-peroxide curing agent sold 
by Novadol Ltd. The dipheayl |uanidine 
was i mcluded to counteract the slight acidity 
the suicon carbide. ("Dutral", "Metrosil", 
Vulcan" "Flectol" and "Perkadox are 
55 Registered Trade -Marks). 

inchiS a5?6 S mo 2 d€d * ™ ^ 

mcnes U0.16 cms) in diameter and had a 
thickness of 0.05 inches (0.127 cms) alu- 
mmium electrodes were evaporated on to 
the discs, aad -guard rings were applied 
Measurements with a Twenty Miffion 
Megohmeter, using an external direct-current 
source, then showed that, the electrical rL 
65 T ^..^fased from about 10* ohm-cm 
65 at 1 Kilovolt .per mch, to aibout 10 w ohni- 
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200 
20 
5 

0.5 
0.4 
10 
0.5 
rubber 
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cm at 5 Kilovolt per inch 

The sleeves were extruded at a tempera- 
ture of about 100-C; they -were theTpK 
on a mandrel, wrapped in cloth, and cured 
tor 30 minutes in steam at 150°C (The 70 
sleeves may also be produced by the com! 
P 3,r M <* *PeTof 

10^?™^ a f!T e was stretched' by 
Sice /aTo Sf nd ? hat its .^I«ctrical resis- 75 
2 Kilovolt per inch) increased 

sleeve if^ ° 4 f 10n ohm * When the 
»leeve was relaxed, the resistance. <\f 
creased to 1x10- obms. ^e^ cKgW £ 
S^L 3 !* considerably smaller <Ln if 80 
the carbon black is' omitted 

-Before appyW such a sleeve to the cable 
of Figure 1. the outer conductive ? 
was first removed for adKoTof 



«jt — "-"^ me screen 3 ma-v tv- 

easily removable; where thelcreenTk of 
the extruded type and is bonded to the 
gifting material; 2. it may be removed 90 
by means of a rotary stripping toolwWcb 

material 2. a spiral groove of the smallest 
mcStoi^ d-Pth ofToS 

^Sf ™f CmS, 7 1 * a P** °* 0-1 inches. 95 

™J^f- was £ound ^ a>e practicable) 
thJ^rm ^ gUm -,' WaS then applied/in 
iff 04 a uniform thin liver 7 of 

Sf? ' jL/ , s ? m « wh at greater than r£f T ypi2 
ally. L=2 mches (5.08 cms), ami L'= 2^ 100 
£ches (6 35 cms). The ^icone^L Jay 
^^astoseal (Registered Trade Kc) B" 
soWbyMidW Silicones Ltd^«DP276» 
sold by Imperial Chemical Industrie^ Ltf 
6 YvSLnf ^amcal applicator, the sleeve 105 
6 typically of length (K+L) = 3 inches 
(7.62) was then slipped on to the cable 
such that the sleeveWerlappSi the^fe 
screen 3 by a distance of K==l mch (2 54 
cms). The silicon gum flowed under the llo 
sle eye, some being expelled. 10 

When 'jSuastoseal B" was employed it 
was found to be preferable t<r leave the 
termination^* 24 hours, to perLf^'^ 
to cure, before aipplyiue voltao^ Z «uZ nc 
cable. But where f^^SXS^ST U5 

Tn ^J 58 appUed immediately: 
a « 101 'the case of a multi-core hdgh-volt- 
Lm. th S ^ 'procedures are^appS. 

^ ^ e ^ <* the cable, 120 

bS r^Z^/^* 131 ® 5 ^ ^ ^ have 
o^en removed' (m known manner) so as to 
expose the cores. ° 
^ In order to test the efficiency of the in- 
vention various tests were made -with two 125 
high-voltage cables of the tripleTlavlr 

am extruded mner screen surrounded by ex- 
r^^^ m i ulatmg material, in turn sur- 
rounded by an extruded outer screen) 130 
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Cable A was a 6.3 kV (conductor-to-earth) 
cafble having a diameter of 0.63 inches (1.6 
cms), over the said insulating material (i.e., 
after removal of the said outer conductive 

5 screeni) and had a standard inner con- 
ductor of cross-section 0.1 square inches 
(0.645 cm 2 ) surrounded 'by (polythene of. 
thickness 0.11 inches (0.279 cms). Cable B 
was an 8.7 kV (conductor-to-earth) cable 

10 having diameter of 0.9 inches (2.286 cms) 
over the said insulating material (i.e. after 
removal of the said outer conductive screen), 
and had a stranded inner conductor of cross- 
section 0.06 square inches <O.S87 cm 2 ) sur- 

15 rounded by polythene of thickness 0.295 
inches (0.749 cms). 

The discharge-inception voltages (to give 
an electrical discharge not exceeding 1 pico- 



coulomb) were measured, for each of cables 
A and B, (a) with no stress-relief arrange- 20 
meats, (b) with stress relief by means of 
tajpe made of polyvinyl chloride containing 
silicon carbide, and (c) with stress relief by 
means of the ethylene-propylene rubber 
sleeves manufactured and applied in the 25 
manner just described. In case (c), the 
sleeves had a wall thickness of 0.05 inches 
(0.127 cms), and (Figure 1) K=l inch (2.54 
cms), L==2 inches (5.08 cms), and M=4 
inches (10.16 cms); for cable A, the sleeve 30 
had a natural internal diameter of 0.62 
inches (1.575 cms), and for cable B, the 
sleeve had a natural internal diameter of 
0.85 inches (2.159 cms). The results are 
given in the following taible: 35 
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Type of Stress Relief 

(a) 
(*>) 
(c) 



Table 

Discharge-inception voltage (kV r.m.s.) 
rf-'otwi*. a Cable B 



Cable A 
3.5-5 
9-18 
15-22 



6.5-7 
(not measured) 
22-28 



Using the sleeves of the invention, the 
discharge-inception voltage (V) is a -func- 
tion of the length L (Figurel). Figure 2 is 
45 a graph wherein (V), in kilovolts, is plotted 
as ordinate against L, in inches; curve A 
applies to the cable A and curve B to the 

cable B. . . , 

Where the sleeves contained carbon 

50 black, it was found that a sleeve of a given 
natural internal diameter could be satis- 
factorily aipplied to cables of different sizes. 
For example, an ethylene-propylene rubber 
sleeve of natural internal diameter 0.5 

55 inches (1.27 cms) and containing both 
silicon carbide and carbon black was ap- 
plied to a core of an 11 kV (between phase 
conductors, i.e. 6.35 kV conductors-to-earth) 
3-core cable having polythene insulation. 

60 a circular conductor cross-section of 0.1 
square inches (0.645 cm 2 ) and cores of di- 
ameter 0.7 inches (1.78 cm), and give a 
discharge-inception voltage of ^ 15k V*» * 
similar sleeve applied to a core of a 15 kV 

65 (between phase conductors, Le. 8.7 kV con- 
ductors-to-earth) 3-core cable having a cir- 
cular conductor cross-section of 0.06 square, 
inches (0.387 cm 2 ) arid cores of diameter 
0.93 inches (2.36 cms) also gave adischarge- 
70 inception voltage of _15kV. 

WHAT WE CLAIM IS:- 

1. A method of terminating a single- 
core cable or at least one core of a multi- 
core cable, which method includes the steps 
75 of removing the outer conductive screen, 
from the core in question, for a predeter- 
mined distance from the end of the cable 
and so as to expose the insulating material 
of that core, and thereafter placing upon 



that core a tpre-foitmed unitary sleeve made so 
of elastic material containing silicon car- 
bide, fche sleeve being selected to have such 
a natural internal diameter, and being so 
placed, that it surrounds and clings closely 
around 'both a .portion of the remaining end 85 
of the said outer conductive screen and xilso 
a next-adjacent .portion of the said exposed 
insulating 'material, there remaining at the 
end of the core a portion of the said ex- 
posed insulating material which is not 99 
covered by the sleeve. 

2. A method accor4ing to Claim 1, 
wherein the elastic material of the sleeve 
is made from a natural and/or a synthetic 
rubber tpolymer. . - 95 

3. A method according to Claim 2, 
wherein the rubber polymer is ethylene pro- 
pylene rubber. ~ , 

4. A method according . to Claim 2 

or Claim 3, wherein the elastic material 100 
contains from 75 to 250 part by weight of ( 
silicon carbide, per 100 parts by weight of 
the rubber ipolymer. 

5. A method according to Claim 4, 
wherein there are 200 parts by weight of 105 
silicon carbide. 

6. A method according to any preceding 
Claim, wherein the elastic material also 
contains carboniblack. 

7. A method according to Claim 6 to- 110 
gether with any one of Claims 2-5, where- 
in the elastic material contains from 10 to 

25 parts by weight of carbon black, per 
100 parts iby weight of the rubber polymer. 

8. A method according to Claim 7, 115 
wherein there are 20 parts by weight of 
cartoon black. 

9. A method according to any preceding 
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Claim, wherein, that portion: of the said 
exposed insulating material which is sur- 
rounded «by the sleeve is covered, before 
the sleeve is placed in position, with a layer 

5 of a/uxiliairy insulating material which, when 
the sleeve is placed in iposition, is capable 
of flowing so as to prevent any air-filled 
spaces from occurring 'between the sleeve 
and that said portion of the said exposed 

10 insulating material. 

10. A method according to Claim 9, 
whereia the auxiliary insulatimg (material is 
a silicone gum. - _ . 

11. A pre-fortmed unitary sleeve for use 
15 in; a method according to Claim 1, the 

sleeve being made of elastic material con- 
taining silicon carbide. 

12. A sleeve according to Claim 11, 
wherein the elastic material is made from 

20 a natural and/or a synthetic rufciber polymer. 

13. A sleeve according to Claim 12, 
wherein the rubber polymer is ethylene 
propylene rulbber. 

14. A sleeve according to Claim 12 
25 or 13, wherein the elastic material contains 

from 75 to 250 .parts by weight of silicon 
carbide, per 100 parts by weight of the 
rubber polymer. 

15. A sleeve according to Claim 14, 
30 wherein there aire 200 parts by weight of 

silicon carbide. 

16. A sleeve according to any one of 
Claims 11-15, wherein the elastic material 
also contains carbon black. 

35 17. A sleeve according to Claim 16 to- 
gether with any one of Claims 12-15, where- 
in the elastic material contains from 10 to 
25 .parts by weight of carbon black, pear 
100 iparts by weight of the rubber polymer. 

40 18. A sleeve according to Claim 17, 



wherein there are 20 parts by weight of 
carbon black. 

19. A method of terminating a cable, 
substantially as specifically described herein 
with reference to the accompanying draw- 45 
ings. 

20. A sleeve, for use in terminating b. 
single-core cable or at least one core of a 

.multi-core cable, substantially as speci- 
ficailly described herein- with reference to the 50 
. accompanying drawings. 

21. A cable terminated according to the 
method of any one of Claims 1-10 and 19 . 

22. A cable terminated with the aid of 

a sleeve according to any one of Claims 55 
11-18 and 20. 



J. E. M. HOLLAND 
Chartered Patent Agent 
Agent for the Applicant. 
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